Ceratocystis sensu lato, incorporating Ceratocystis, Ophiostoma and Ceratocystiopsis, includes more than a hundred species, many of which are important plant pathogens. Existing keys to the species are, however, incomplete and available only in the dichotomous format. As synoptic keys are inherently superior, a computer database program was used to compile a synoptic key to species of Ceratocystis. Ophiostoma and Ceratocystiopsis. The key can thus be used manually or with the aid of a computer.
Introduction

CeralOcyslis sensu lalO includcs Lhe genera Ceratocyslis
generally characterized by spherical ascomata with long necks ane! evanescent asci (Upadhyay 1981) . This statcment, however, gives litlle indication of the complexity of these fungi, The group is large and includes morc than a hundred species with anamorphs that have been placed in up to 16 genera of Hyphomycctes (Upadhyay & Kendrick 1975) , though amalgamation has recently reduced this number to eight (Nag Raj & Kendrick 1992) . Many of these fungi arc important plant paLhogens or are associatcd wiLhinsects that arc economically important (Upadhyay 1981) . Species of Ceratocyslis s. I. have for instance been associated with blue-stain of Southcrn beech (Butin & Aquilar 1984) , pines (Bridges & Perry 1987; Davidson 1979) and Norway spruce (Solheim 1986 ), Other diseases caused by these fungi includc root discolouration of grand fir (Livingston & Davidson 1987) , black-stain root disease of pines (Cobb 1988) , die-back of larch (Redfern el al. 1987) , vascular diseases of oak (Kowalski & Butin 1989 ) and especially oak wilt caused by C. fagacearum (Brctz 1952) and Dutch elm discase caused by O. ulmi (Boyce 1961) . In many instances a close relationship has been reponed between fungi of this group and insects, primarily bark bectles of the genera DendroclOnus (Bridges & Perry 1987; Davidson 1979) and Ips (Rcdfcrn el al. 1987; Solheim 1986) , Due 10 the economic importance and common occurrence of species of CeralOcysliss. I., there is a regular need to identify these fungi. Nevertheless, there are few simple and reliable keys to this group. The only available keys are of the dichotomous kind of which that of Upadhyay (1981) is the most recent and complete. Upadhyay's key, however, did not include all species and subsequenlly many additional species have been described (Brasier 1991; Bridges & Pcrry 1987; Butin & Aquilar 1984; Constantinescu & Ryman 1989; Hutchison & Reid 1988; Kowalski & Butin 1989; Livingston & Davidson 1987; Redfern el al. 1987; Solheim 1986; Wingfield el al. 1988) . Dichotomous kcys havc many disadvantages. The most obvious of these is that characteristics must be provided in sequencc and a lack of data at any step of the sequence resullsin failure of the idcntification process. In contr.lst, synoptic keys can be enteredat any point and new characteristics considered in any order (Korf 1972) .This allows the user to commence with marc prominem features and possibly identify specimens for which only incomplete infonnation is available. Funhennore, new taxa as well as new characteristics can casily be added as they become available. A disadvantage of synoptic keys, particularly in the case of genera containing many species, is that a multitude of numbersmust be dealt with. The availabilityof computers to sciemislS and diagnosticians alleviates this problem (Kendrick 1990) .
In this paper we prescnt a synoptic key to species of CeralOcyslis s. /, A computer database has been used 10 compile the key which may be utilized electronically or, in situations where a computer is not available, the key may also be used manually. Besides providing a rapid and reliable method for identifying species of CeralOcysris s. I., this key includes numerous species not incorporated in previous keys.
Methods
Source of data
The data used in the key were taken from the literature and Samuels & Muller (1978) ; G, Kowalski & Butin (1989) arc based on the descriptions, measurements, photographs and sketches published by the authors listed in Table 1 . This key is, therefore, not based on direct examination and some characlers could not be used since all authors did not describe the full range of chamcters available. Morphological charaClers for both tclcomorph and anamorph states as well as ecological information were entered in a database using the 'askSam' program (askSam Systems, P.O. Box 12128, Perry, FL 32347, U.S.A.).
Character states
The nature of this key made it necessary to establish groups or states for each chamcteristic and the relevant states were then used to describe the various quantitativeor qualitative characteristics of species. Each character state in the database is represenled by a symbol linked to the appropriate key-letlers for the characler. These key-letters and symbols arc indicated in the synoptic key. When establishing states, care was taken to make recognition of states as simple as possible. Users of this key should, however, take the following precautions to avoid ascribing an incorrect state to an unidentified fungus. It is advisable to examineas manyisolatesas possibleand thus obtainmean measurements. These arc more representative of the population and less dependent on the environment. Care must also be taken to examine mature structures, as immature structures,found in young cultures, could cause confusion.
Quantitative characters
Quantitative characters used to identify species of Cera-Ac 8 279 tocyslis s. t. are usually described in teons of minimum and maximum. Mid-ranges [(minimum + maximum)I2J were therefore used to distinguishspecies. The full spectrum of sizes (mid-ranges) occurring in the group was taken into account to sel limits for the states within quantitative characlers. The establishment of states for the lengths of ascomatal necks serves as an example. The mid-ranges of necklenglhs vary from 7.ero, i.e. neck absent, to necks 10 000 fJ.m long, with 50% of the necks shorter than 410 IJ.m and 75% shorter than 850 IJ.m. This implies that small differences al the lower end of the scale are just as significant as large differences at the upper end of the scale. Rather than use fixed increments or a sliding scale, we established five stales which allowed a nonnal-type distribution of the number of taxa occurring in the differentstales.
These states for ascomatal necks were 'absent', 'shorter than 150 IJ.m', 'ISO -899 fJ.m', '900 -3599 IJ.m' and 'longer than 3600 IJ.m'. The number of species in each of the five different states was 4, 22, 63, 20 and 4, respectively, and the neck length for one species was not available. The maximum number of stales distinguished for each character was limited to five in order to restricl the effect of environmentally induced variability. (iii) the number of st3tes should be kept to a minimum. Qualit3tive characters dealt with on the basis of these preconditions were: ostiolar hyphae, ascoma base colour, ascomatal ornamentation, ascospore shape and conidium shape. For example, the ostiolar hyphae may be absent, convergent or divergent. In cases where they have been described as 'paralic!', we treated them as convcrgent and where they were described as 'spirally curved', we treated them as divergent. The colour of ascomat31 bases ranges from hyaline to white to yellowish-brown to brown or black. In our key, ascomata were regarded as either light or dark in colour. Ornamentation of the ascoma was considered to be 'absent', 'spiny' or 'hypha!' ( Figure I ). This characteristic often develops only at maturity and must thus be treated with some circumspection. Ascospores of CeratocY5ti5 5. l. vary greatly in both size and shape (Figure 2) . The states into which ascospore shape are divided are based on the optical outline of the ascospore as well as the shape of the sheath as it would appear under the light microscope. A similar approach was used in establishing states for conidium shapes (Figure 3) . The classification of basic ascospore and conidium shapes into states is shown in Figures 2 and 3 . Some species displayed features which might be placed in more than one state, as in the case of 'ellipsoid to clavate' conidia. In such cases both states were entered into the database and the t3xon number included under both states in the written key. To accommodate taxa for which a certain character had not been described in the source description, a state, 'No data available', was added in the written key. To utilize this feature, taxon numbers occurring under 'No dat3 available' must be considered as if they had fitted the description. Anamorph generic names arc included in the dat3base and in some cases where the anamorph is known it can be used to speed up the identification process. Consequently, the six primary anamorph genera occurring in Cera/ocystis s. t. are illustrated in Figure 4 .
Qualitative characlers
Results and Discussion
Use of the database and key The dat3base in askSam can be used independently of the written key to achieve synoptic identification of species of Ceratocystis s. /. in a manner similar to the mclhod described for identification of gilled fungi by Kendrick (\990). Species of Ceratocystis s. t. can be identified using the computer by entering the appropriate key-letters and symbols (indicated in the written key) for each character. For example, an unidentified specimen having a dark aseoma with a diameter of 370 jJ.m, a neck 1300 jJ.m long, no ostiolar hyphae and ascospores with uniform sheaths would be treated as follows: enter be-d, bd-I, 01-1,oh-O and S. Afd.Bot..1992.58(4) .. as-e in the query line. 
Advantages
The advantages of the 'askSam' -based key over other compuler keys were discussed in detail by Kendrick (1990) .
A major advantage of this database is thai the organism is nol merely identified, bul a complele description of the identified species is retrieved to confinn identification. Furthermore, information can be added without difficulty, since it is only necessary to 'updatc' existing records or La 'add a record' for new species. The appropriate taxon numbers mustlhen also be added under the correct stales in the wrillen key. As is true of all synoplic keys, a disadvantage is the mulLitudcof taxon numbers to which certain character states apply. The tedious effort of writing down all the taxon numbers can be avoided by using the computer database.
The key makes it possible to identify species which are not fully described as these taxa were included in all character states. However, correct identificationwith any key is subject to the inpul of correct data, often dependent on environmental inOuence on morphology. Incorrect interpretation of characlCrs and states by operators can also result in errors. However, such errors should be curtailed with this key since great care was taken in setting limits for qualitative character states and establishinggroups for qualitalive states. An important advantage of both the wrillen key and the database is, therefore, Ihal il can be used by operators who are not familiar with this group of fungi. This key is nol merely an updated version of existing keys, but il enables faster and correct identification of Cera/ocys/is s. I.
We are willing to supply copies of this database on preformatted disketlCs for IBM-compatible computers to registered owners of askSam and we would be gralCful for any suggestions regarding additions or changes to the database. 3: 5: 7; [9] [10] [11] [34] [35] [36] [40] [41] [42] [43] 56: 59; [61] [62] [63] [64] [65] [66] [67] 70; 71; 76; [111] [112] [113] 4: 6: 8: 13-17; 19; 29; 33; 37; 38; 44: 45: 48: 49: 51-54: 57; 58; 60; 62; 68; 72; 73; 75: 77: 78 3; [8] [9] [10] 12; 15; 19; 21; 23; 26; 35; 37; 38; 40; 45; [49] [50] [51] [52] 57; 59; [66] [67] [68] [69] 78; 81; 84; 91; 93; 94; 96; 100; 103; 110; Ill; 16; 25; 27; 28; 36; 41; 42; 47; 56; 60; 62; 63; 72; [74] [75] [76] [77] 99 ; 101 Divergent (oh-d) I; 4-6; 11; 13; 14; 17; 18; 20; 22; 24; 29-34; 36; 39; 43; 44; 48; 53-55; 58; 61; 64; 65; 67; 68; 70; 73; 77; 79; 80; 82; 83; 85-90; 92; 95-97; 102; 104-109; 112; 113 No data available 46; 71; 98 DIAMETER OF ASCOMA < 85 ILm (lxi-s) 9; 25; 27; 30; 31; 33; 40; 41; 56; 60; 62; 63; 67; 73; 76; 87; 101; 103; 1 [5] [6] [7] [8] 10; II; 13; 14; 16; [18] [19] [20] [21] [22] 24; 26; 28; 29; 32; [34] [35] [36] [37] [38] [42] [43] [44] [45] 48; 51; 54; 55; 61; [64] [65] [66] 68; [70] [71] [72] 74; 75; [77] [78] [79] [80] [81] [82] [83] 85; 86; 88; 89; 91; 92; [95] [96] [97] 99; 100; 102; 104; [107] [108] [109] [111] [112] [113] [114] 12; 15; 17; 23; 39; 46; 47; 49; 50; 52; 53; [57] [58] [59] 69; 84; 90; 93; 94; 98; 106; 110 COLOUR OF ASCOMA BASE Dark (be-d) [1] [2] [3] [4] [5] [6] [8] [9] [10] [11] [12] [13] [14] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] [51] [52] [53] [54] [56] [57] [58] [59] [60] [61] [62] [64] [65] [66] [67] [68] [69] [70] [71] [72] [74] [75] [76] [77] [78] 15; 29; [32] [33] [34] 50; 54; 55; 63; 73; 79; 2; [5] [6] [7] 9; 11; 12; 15; 16; [18] [19] [20] 22; 23; [26] [27] [28] 30; 32; 33; 35; [37] [38] [39] 44; 46; 48; 54; [56] [57] [58] 62; 63; 66; 69; 70; [72] [73] [74] [75] 78; 79; 81; 84; 85; 88; [91] [92] [93] [94] [95] [96] [97] [98] 100; 103; 105; 107; 109; 110; 113; 4; 8; 10; 13; 17; 21; 24; 29; 31; 36; [40] [41] [42] [43] 45; 47; [49] [50] [51] [52] [53] 55; 57; 59; 61; 67; 68; 70; 71; 80; 82; 83; 87; 89; 99; 102; 104; 106; 108; 34; 60; 64; 65; 76; 77; 86; 90; 101; 25 283 DIAMETER OF PERIDIAL CELLS < 5.5 ILm (pc-s) 5; 7; 10; 25; 31; 38; 41; 44; 46; 53; 60; 62; 67; 73; 76; [92] [93] [94] 3; 8; 9; [11] [12] [13] [14] [15] [16] [17] 19; 20; 23; 24; [26] [27] [28] [29] [30] [32] [33] [34] 36; 40; 43; 48; 51; 52; [54] [55] [56] [57] 61; 63; 89; [95] [96] [97] 99; 101; [105] [106] [107] [108] [110] [111] [112] 12ILm (pc.l) 2; 4; 18; 21; 37; 39; 42; 49; 58; 59; [64] [65] [66] 68; 74; 75; 77; 78; 90; 100; 102; 109 No data available 6; 22; 35; 45; 47; 50; 69-72; 87; 88; 91; 98; 104; 113; 114 
Synoptic
1:
SHAPE OF ASCOSPORE (1N SIDE VIEW)
Sheath not visible (as-a) 1; 2; [8] [9] [10] 14; [20] [21] [22] 29; 35; 38; 46; 47; 51; 55; 58; 61; [65] [66] [67] 69; 70; 71; 79; 80; 86; 87; 89; 94; 95; 102; [104] [105] [106] 108; [112] [113] [114] 25; 27; 28; 31; 40; 41; 56; 60; 62; 63; 73; 76; 88; 91; 92; 101 Rectangular (as-c) 11; 13; 15; 17; 18; 26; 34; 43; 50; 52; 54; 68; 99 11; 12; 19; 22-24; 32; 36; 42; 44; 45; 48; 49; 54; 59; 64; 72; 74; 75; 78; 81; 85; 93; 97; 109; 110 Sheath Uniform (as-e) [3] [4] [5] [6] 9; II; 16; 22; 24; 30; 33; 36; 37; 39; 44; 48; 53; 57; 74; 77; 90; 96; 103; 107;  14; 20; 25; 27; 31; 34; 40 41; 53; [55] [56] [57] [58] [59] [60] [61] [62] [63] 67; 70; 71; 76, 83; 84; 89; 102; 106; 107; 5; 6; [8] [9] [10] [11] 13; 17; 18; 21; 22; 26; 29; 30; 35; 36; 38; 42; 43; [46] [47] [48] [49] 51; 52; 65; 66; 68; 72; 74; 79; 80; 91; 92; [94] [95] [96] 98; 100; 101; [103] [104] [105] 108; 109; Ill; 113 ., 2.50 ILm (aw-I) 4; 12; 15; 16; 19; 23; 24; 28; 32; 33; 37; 39; 44; 45; 50; 54; 69; 73; 75; 77; 78; 81; 82; 88; 90; 93; 97; 99; 11; 22; 51; 55; 57; 59; 66; 69; 84; 89; 96; 106; 1-3; 6; [8] [9] [10] 12; 13; [15] [16] [17] [18] [19] [20] [21] 23; 26; 29; [32] [33] [34] [35] [36] [37] [38] [42] [43] [44] [45] [46] [47] [48] [49] [50] [52] [53] [54] 58; 61; 65; 67; 68; [70] [71] [72] 74; 75; [93] [94] [95] [97] [98] [99] [100] [102] [103] [104] [105] [108] [109] [110] [111] [112] [113] 7; 14; 24; 25; 27; 28; 30; 31; [39] [40] [41] 56; 60; 62; 63; 73; 76; 77; 88; [90] [91] [92]  1; 2; 8; 9; 12; 16; 17; 19; 20; 23; 24; 26; 30; 39; 42; 52-54; 56; 59; 62; 64; 67; 71; 74; 76; 77; 79; 80; 82-84; 86; 90-92; 94; 95; 100; 110; 111; 114 Pyriform Of Obovoid (cs-h) 21; 43; 46; 49; 52; 61; 64; 66; 89; 99; 104; 109 Clavate, T-shapcd or Y -shaped (cs-c) 6; 7; 11; 15-21; 23; 26-28; 31-38; 40; 41; 43; 52; 54-56; 58; 61; 63; 65-71; 84; 87; 91; 96-98; 101; 102; 105; 107; 108; 111-113 Doliiform, Spherical or Limoniform (cs-d) 4; 5; 8; 10; 13; 14; 21; 22; 25; 29; 31; 37; 42; 44-48; 51; 68; 71; 72; 74; 76; 77; 81; 93; 96; 97; 100-102; 106; 107; 109; 110; 113; 114 Curved or allantoid (cs-e) 9; 13; 17; 41; 47; 60; 68; 70; 75; 78; 81; 85; 87; 88 2; 5; 6; [8] [9] [10] [11] [12] [13] [14] [16] [17] [18] [19] [20] 22; 23; [25] [26] [27] [28] [30] [31] [32] [33] [34] 36; [38] [39] [40] 43; [45] [46] [47] [48] 51; 52; [54] [55] [56] [58] [59] [60] [61] [62] [63] [64] [65] [66] [67] [68] [69] [70] [71] [74] [75] [76] 79; 80; [82] [83] [84] [85] [86] [87] 89; 91; 92; [94] [95] [96] [98] [99] [100] [101] [102] [104] [105] [106] [107] [108] [110] [111] [112] [113] [114] 7; 15; 21; 23; 29; 35; 37; 41; 42; 44; 49; 52; 57; 64; 72; 77; 78; 81; 88; 90; 93; 97; 109 No data available 3; 24;50;53; 73; 103 LENGTH OF CONIDIUM < 3.75 fLm (c1-s) 10; 13; 18; 23; 25; 27; 41; 45; 48; 51; 68; 85; 98; 107; 112 3.75 -7 .95 fLm(cI-m) 1; [5] [6] [7] [8] [9] [10] [11] [13] [14] [15] [16] [17] 19; 21; 22; 24; 26; [28] [29] [30] [31] [32] [33] [34] [35] [36] 38; 40; [43] [44] [45] [46] [47] 49; 52; [54] [55] [56] [58] [59] [60] [61] [62] [63] [64] [65] [66] [67] [68] [69] [70] 72; [74] [75] [76] 81; 82; [87] [88] [89] [91] [92] [93] [95] [96] [97] [99] [100] [101] [102] [104] [105] [106] [107] [108] [109] [110] [111] [112] [113] [114] 4; 12; 20; 23; 24; 37; 39; 42; 47; 52; 57; 64; 71; [77] [78] [79] [80] 83; 84; 86; 90;  4; 13; 24; 26; 33; 39; 40; 42; 44; 53; 64; 75; 77; 90; 97 Holoblastic (cd-h) I; 2; 5-21; 23; 25; 27-32; 34; 36-38; 41; 43; 45-49; 51; 52; 54-56; 58-63; 65-72; 74; 76; 78-89; 91-96; 98-102; 104-114 8; 13; 18; 35; 36; 45; 46; 53; 58; 64; 68; 71; 84; 91; 94; 99; 105; 106; 113 Mononcma (ca-m) 1; 2; 4; 5; 7; 9; 10; 12; 14; 16; 20; 23-25; 27-31; 34; 37-45; 47-49; 52; 54-57; 59-63; 65-70; 76-83; 85-96; 98; 101; 102; 108; 109- 5; 9; 10; 14; 25; 27; 28; 31; 34; 38; 39; 41; 43; 44; 56; 59; 60; 62; 63; 65; [66] [67] [68] [69] 76; 79; 80; 82; 85; 86; 92; 95; 101; 102; 108; 109; 111; 112 ; 4; 16; 20; 23; 24; 29; 30; 37; 40; 42; 45; 48; 49; 52; 55; 57; 61; 77; 78; 81; 83; [88] [89] [90] 93; 96; 98; 110; 114 No data available 7; 12; 47; 54; 70; 87; 91; 94; 113 LENGTH OF MONONEMA < 100 fLm (ml-s) I; 4; 5; 21; 25; 27; 28; 30; 31; 39-42; 47; 55; 61; 63; 65-68; 79; 82; 87; 89; 93; 94; 109; 112 ;3 100 fLm (ml-l) 2; 12; 16; 23; 24; 29; 37; 44; 45; 47-49; 54; 57; 77; 78; 80; 81; 88; 90; 96; 98; 110; 113; 114 No data available 7; 9; 10; 14; 20; 34; 38; 43; 52; 56; 59; 60; 62; 69; 70; 76; 83; 85; 86; 91; 92; 95; 101; 102; 108 19; 21-23; 51; 70-72; 74; 75; 80; 107; 112 No data available
